Pulmonary hypertension (PH) is a pathophysiological condition defined as an increase in mean pulmonary arterial pressure (PAP) 25 mmHg at rest.
Introduction
Pulmonary hypertension (PH) is a pathophysiological condition defined as an increase in mean pulmonary arterial pressure (PAP) 25 mmHg at rest.
1 PH due to left heart failure is associated with increased pulmonary vascular resistance (PVR) and elevated transpulmonary pressure gradient (TPG). 2 In addition, it carries a poor prognosis. Mortality rates of 57% in patients with moderate PH compared with 17% in patients without PH have been reported after 28 months of follow-up. 3 Survival rates are lower in patients with
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Abstract
Background In heart failure (HF) patients, pulmonary hypertension (PH) is associated with a poor prognosis. We assessed whether low dose treatment with the dual endothelin-1 receptor antagonist bosentan is associated with improved hemodynamics and clinical outcome in these patients. Methods We performed a retrospective data analysis in 82 end-stage heart failure patients on the waiting list for cardiac transplantation since January 2006. All patients had pulmonary arterial pressure >35 mmHg, pulmonary vascular resistance >240 dyn Â s Â cm À5 , and/or a transpulmonary gradient (TPG) >15 mmHg. Fifty-four patients received a median dose of 125 mg bid bosentan (BOS group), and 28 patients received standard medical treatment (CON group). Data were assessed until June 2009. Results Hemodynamic parameters improved significantly in the BOS group but remained unchanged in the CON group. The percentage of patients who fell below the thresholds of PAP, PVR, and TPG for cardiac transplantation increased significantly by 20.3%, 34.5%, and 20.8%, respectively (p ¼ 0.007-0.013) in the BOS group, but did not change significantly in the CON group. One-year survival on the waiting list was approximately 20% higher in the BOS group than in the CON group (p ¼ 0.020). Bosentan treatment remained an independent predictor of reduced mortality risk on the waiting list after propensity score adjustment (relative risk ¼ 0.107; 95% CI: 0.013-0.869; p ¼ 0.036).
Conclusion Treatment with the endothelin-1 antagonist bosentan is associated with improvements in hemodynamics and clinical outcome in end-stage heart failure patients with PH. If these results can be confirmed by randomized controlled trials, bosentan may represent a treatment option in these patients.
pulmonary hypertension and poor right ventricular (RV) function compared to patients with elevated PAP but preserved RV function.
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In end-stage heart failure patients, preoperatively existing PH is associated with a high risk of right heart failure and mortality after cardiac transplantation. 5, 6, 7 The endothelin A and B receptor antagonist bosentan has been shown to improve pulmonary and systemic hemodynamics in patients with heart failure.
7,9,10 The plasma concentration of endothelin-1 (ET-1) is elevated in chronic heart failure patients and is inversely related to left ventricular ejection fraction (EF) and cardiac index (CI). 9,11 ET-1 seems to be a key mediator in the pathogenesis of PH in chronic heart failure.
9,11,12
The REACH-1 (Research on Endothelin Antagonism in Chronic Heart Failure) trial has used bosentan doses of 500 mg daily in patients with advanced heart failure. The duration of the trial was planned for 24 weeks. Unfortunately, however, the REACH-1 trial has been terminated prematurely due to concerns about elevations in hepatic transaminases.
13
Nevertheless, this study also demonstrated a significantly greater clinical improvement in patients who received bosentan therapy for 6 months compared to controls. We therefore administered bosentan in several of our patients with end-stage heart failure and PH as an off-label use during recent years. But we used a considerably lower daily bosentan dose than that used in the REACH-1 trial. We provide the results of a retrospective data analysis based on our medical records. We performed this analysis to assess whether low dose bosentan treatment is associated with improved pulmonary hemodynamics and clinical outcome in cardiac transplant candidates with PH.
Materials and Methods
Patients and study design Since January 2006, 183 patients with end-stage heart failure and longstanding PH were eligible for cardiac transplantation at our institution (►Fig. 1). All patients fulfilled the functional, echocardiographic, and hemodynamic indications for cardiac transplantation provided by the German Standing Committee on Organ Transplantation. 8 However, all patients also had values of PAP >35 mmHg, PVR >240 dyn Â s Â cm À5 , and/or TPG >15 mmHg despite optimal treatment with angiotensin-converting enzyme-inhibitors, β-blockers, anticoagulants, digitalis derivatives or/and diuretics, 1 whereas PAP and PVR decreased with the administration of intravenous phosphodiesterase III inhibitor. As mentioned before, elevated PAP, PVR, and/or TPG values are considered a contraindication for cardiac transplantation. 8 To achieve transplantability, we decided to treat the aforementioned group of patients with oral bosentan as off-label use. Generally, all 183 patients with PH and end-stage heart failure were eligible for the off-label use of oral bosentan. However, initial bosentan administration was done under intensive care unit monitoring, including Swan-Ganz catheter measurement. Since Figure 1 Study flow chart. In both groups, echocardiographic parameters and hemodynamics were assessed at baseline, e.g., before bosentan treatment (t 0 ), after 4 months (t 1 ; range 2-6 months), and after 12 months (t 2 ; range 9-15 months). All measurements were performed as routine examinations at regular time intervals. Hemodynamics were measured using a Swan-Ganz pulmonary artery thermodilution catheter through the right internal jugular vein. Cardiac output (CO) was determined in triplicate and calculated by the Stewart-Hamilton indicator dilution formula. 14 Cardiac index (CI) was calculated by CO, taking current body surface into account. Central venous pressure (CVD), RV pressure, PAP, and PCWP were measured directly by right heart catheterization. Systemic vascular resistance (SVR), PVR and TPG were calculated according to standard formulas:
Transthoracic echocardiography was performed to assess left ventricular end-diastolic and end-systolic diameter, right ventricular shortening, and left ventricular ejection fraction (Agilent Sonos 5500 device, Hewlett Packard, Andover, MA, USA). Since bosentan shows liver toxicity, 15 biochemical safety parameters were also measured. In addition, we assessed clinical symptoms such as nocturia and dyspnea by questionnaire and peripheral edema by physical examination. We also registered clinical outcome parameters such as ventricular assist device (VAD) implantation, cardiac transplantation, and death in both groups up until June 2009.
Statistical analysis
We report categorical variables using the percentage of observations and express continuous variables as mean val- (two-tailed test) was considered significant. We generated Kaplan-Meier estimates to investigate the association between bosentan and survival probability during follow-up as a function of time after study inclusion. Logrank test was used to test for differences in survival rates between groups. We then examined the associations between bosentan and mortality risk using Cox proportional hazard analysis. Since treatment assignment was not based on random allocation and the bosentan and control group were therefore not expected to be completely comparable with regard to important covariates, we also analyzed whether propensity score adjustments were necessary. We used 38 baseline demographic, anthropometric, clinical, and biochemical variables for each patient, using logistic regression. The propensity score ranged from a low of 0.13 to a high of 0.63 The discriminate power of the propensity score was quantified by measurement of the receiver operating characteristics area and was found to be 0.651 only (95% confidence interval: 0.465-0.836; p ¼ 0.110), indicating that the two study groups were comparable with respect to baseline and clinical characteristics. We used the statistical software package SPSS, version 18 (SPSS, Inc., Chicago, IL, USA) to perform the analysis.
Results
Baseline characteristics of the study groups are given in ►Table 1. Patients did not differ with regard to age, sex, and anthropometric data. Moreover, the prevalence of smokers and concomitant diagnoses such as diabetes, hypertension, elevated cholesterol levels, hyperuricemia, and dyspnea was similar between groups. Likewise, concomitant medications did not differ between groups. The majority of patients in each study group were in NYHA functional class III. The BOS group was, however, significantly younger than the CON group and suffered less often from diagnoses other than dilated cardiomyopathy or ischemic heart disease. More patients in the BOS group had pacemaker implants than in the CON group. In addition, some hemodynamic parameters such as right ventricular pressure, PAP, and PCWP were significantly higher in the BOS group than in the CON group at baseline (►Table 2). In the BOS group, the cut-off values for cardiac transplantation of PAP (>40 mmHg), PVR (>240 dyn Â s Â cm À5 ), and TPG (>15) were exceeded in 75.9%, 67.9%, and 47.2% of patients, respectively. The corresponding values for the CON group were 57.1%, 75.0%, and 25.0%, respectively. In the BOS group, the median daily bosentan dose was 125 mg (interquartile range: 125-125 mg; mean AE SD: 139 AE 50 mg/d) at the beginning and 250 mg (interquartile range: 250-250 mg; mean AE SD: 216 AE 77 mg/d) at the end of the follow-up period. Down titration of bosentan was necessary in 6 patients due to marked decreases in PAP and PVR. In 2 of these 6 patients, a parallel increase in aspartate aminotransferase and alanine aminotransferase occurred, whereas in 1 of the 6 patients only alanine aminotransferase increased.
In the CON group, hemodynamic and echocardiographic parameters did not change significantly during follow-up (►Table 2). In the BOS group, echocardiographic parameters also remained unchanged. However, mean blood pressure and all measured hemodynamic parameters showed significant improvements in the BOS group during follow-up. The three determinants of PVR (i.e., PAP, PCWP, and CO) improved significantly from t 0 to t 2 Biochemical safety parameters are presented in ►Table 3. In the BOS group, mean concentrations of liver enzymes such This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited. Table 2 Hemodynamic and echocardiographic parameters of the bosentan (BOS) and control (CON) group at baseline and during follow-up. as aspartate aminotransferase, alanine aminotransferase, and gamma-glutamyltransferase remained constant. In the BOS group, there was a decrease in hematocrit values, which also tended to occur in the CON group. Sodium concentrations improved significantly in the BOS group from t 0 to t 2 .
In the BOS group, 35 patients (64.8%) were not hospitalized, whereas 15 patients (27.8%), one patient (1.9%), and three patients (5.6%) were hospitalized once, twice, and three times, respectively, during follow-up. The corresponding values for the CON group were 20 (71.4%), 8 (28.6%), zero, and zero, respectively. In the BOS and CON group, the percentage of patients with nocturia (22.2% vs. 28.6%, respectively), peripheral edema (20.4% vs. 14.4%, respectively), and dyspnea (18.5% vs. 7.1%, respectively) did not differ significantly (p ¼ 0.205-0.592).
During follow-up, ten patients in the BOS group (18.5%) and one patient in the CON group (3.6%) were transplanted (p ¼ 0.088). All transplanted patients were alive at the end of the follow-up period. One patient in the BOS group and 11 patients in the CON group died during follow-up. Causes of death were acute lung edema in the BOS group, and multiple organ failure (6 Â), low output syndrome (2 Â), intracranial bleeding (1 Â), intestinal ischemia (1 Â), and pancytopenia (1 Â) in the CON group. ►Fig. 2 illustrates the Kaplan-Meier survival curves on the waiting list after t 2 according to study group. One-year survival on the waiting list was 93.3% in the BOS group and 70.7% in the CON group (p ¼ 0.020). The corresponding values for freedom from cardiac related deaths was 93.3% and 100%, respectively (p ¼ 0.407).
In the univariate Cox regression analysis, bosentan treatment was significantly related to reduced risk of mortality on the waiting list (RR ¼ 0.109; 95%CI: 0.013-0.881; p ¼ 0.038). Bosentan treatment remained an independent predictor of reduced mortality risk on the waiting list after propensity score adjustment (RR ¼ 0.107; 95%CI: 0.013-0.869; p ¼ 0.036).
Discussion
Our data demonstrate that patients with end-stage heart failure and PH not receiving bosentan have a poor prognosis.
Results support earlier findings of high mortality rates in heart failure patients with PH.
7
. However, this study could also demonstrate significantly higher survival rates of endstage heart failure patients with PH who were treated with bosentan compared to patients who were not treated with bosentan while awaiting cardiac transplantation. Moreover, compared with the patients not treated with bosentan a higher percentage of bosentan-treated patients tended to be transplanted during follow-up.
Although the REACH-1 trial was stopped prematurely due to liver toxicity, this earlier study already demonstrated a significantly greater clinical improvement in patients with advanced heart failure who received bosentan therapy for 6 months.
13 Thus, our data support the assumption that bosentan may be a new treatment option for end-stage heart failure patients. Compared to the REACH-1 trial, our retrospective data analysis is based on a longer duration of followup and a sicker patient population. In addition, our analysis includes invasive hemodynamic assessment, and defined hemodynamic criteria including TPG for enrolment. The development of new and more effective pharmacological treatment strategies for PH in patients with end-stage heart failure is urgently needed. In this context, bosentan seems to be a promising candidate. In our analysis, bosentan treatment was associated with an improvement in various hemodynamic parameters. For example, PVR decreased by 33% in the BOS group, whereas it declined only nonsignificantly by 12.8% in the CON group (►Table 2). Our results are in line with the fact that bosentan treatment is also able to reduce PVR in patients with pulmonary arterial hypertension. 16, 17 In addition, our data analysis demonstrates an improvement in RV pressure, which is an important prognostic value for survival in patients with chronic heart failure. 4 The improvement in RV pressure and the partial revision in PH may therefore be an important explanation for the fact that one year after t 2 the survival rate on the waiting list was 22% higher (93% vs. 71%) in the BOS group than in the CON group. Note that patients with end-stage heart failure are at an increased risk for cardiac decompensation. This can lead to systemic immunosuppression and thus to an increased risk of developing multiple organ failure. In our analysis, bosentan treatment was associated with a more pronounced reduction in PVR than in SVR. Similar results have been observed in patients with chronic heart failure and high circulating ET-1 concentrations who received short-term intravenous bosentan.
10 Likewise, our data of unchanged echocardiographic measurements in the BOS group confirm an earlier multicenter randomized controlled trial (RCT) of bosentan in heart failure patients with severe systolic dysfunction and PH. 18 In that earlier RCT, echocardiographic measurements were not influenced by bosentan treatment.
Since bosentan is an ET-1 receptor antagonist, our data support the assumption that ET-1 plays an important role in the etiology of PH in heart failure patients. This assumption is in line with the fact that the plasma concentrations of ET-1 are increased in patients with heart failure and correlate with the prognosis. 9, 11 In animal models of heart failure, ET-1
antagonists are also able to improve hemodynamics and survival.
19
In addition to the improvement in the survival of patients on the waiting list, bosentan seems to offer an important additional benefit. Due to the significant decrease in hemodynamic parameters, a relatively high number of patients in the BOS group compared to the CON group could be transplanted during follow-up (18.5% vs. 3.6%). Since all patients had end-stage heart failure, cardiac transplantation was the last option for these patients. None of the transplanted patients had died by the end of the follow-up period, supporting the assumption that survival after cardiac transplantation seems to be similar in patients without pre-existing PH and in patients where preoperatively existing PH is reversible.
7
Elevated liver aminotransferase levels seemed to be characteristic for bosentan treatment. 9, 16 In the present data analysis, however, the BOS group in its entirety showed no pathological elevations in serum alanine aminotransferase or aspartate aminotransferase concentrations from t 0 to t 2 . This is probably due to the fact that we prescribed only 250 mg bosentan daily, whereas others have used daily doses of 500 mg. 4 In previous investigations, peripheral edema occurred more frequently in patients treated with bosentan. 9 In our retrospective analysis, clinical complications such as edema and dyspnea as well as the percentage of patients who reported nocturemia were not adversely affected by bosentan treatment. In addition, the hospitalization rate was similar between the BOS and CON groups. In contrast to earlier results, 16 the BOS group showed no improvement in NYHA functional class. However, it should be noted that NYHA functional class is a subjective parameter. Hemodynamic parameters are much more reliable for the assessment of cardiac function. Initial CI measurements demonstrate that our patients suffered from advanced heart failure, leaving only a limited possibility of improvement in NYHA functional class. It must be stated that our data analysis has several limitations due to its retrospective nature. It lacks randomization, blinding, and a clear study protocol. In addition, this retrospective data analysis is short of defined dose up-and down-titration, follow-up visits, and adverse event reporting. Although we have performed propensity score adjustments to assess mortality rates, this can not compensate for nonrandomization. Finally, the study is a single center report without an independent core lab, adjudicated event committee, data monitoring and safety committee. Since earlier randomized controlled trials with bosentan focused on patients with pulmonary arterial hypertension, 16 ,17 a randomized controlled multicenter study with survival on the waiting list as the primary endpoint and cardiac transplantation as a secondary endpoint is urgently needed.
In conclusion, our data demonstrate that bosentan treatment is associated with improvements in hemodynamics and clinical outcome in end-stage heart failure patients with PH. If 
